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The invention pertains to the field of controllable 
optics and can be used for manipulating a radiation 
wave front or for correcting phase distortions in 
optical equipment and in a wide range of systems 
including industrial laser systems, optical telescopes 
of different spectral ranges, and optical guidance 
and tracking systems. The invention in essence lies 
in improving the range and precision of the phase 
distortion correction while also increasing the 
maximum permissible power of the radiation used 
and simplifying the adaptive optical system. This 
has been achieved by using in the adaptive optical 
module a dynamic adjusting head in which is 
mounted a deformable dimorphic mirror, coolable if 
necessary, in the form of a semi-passive dimorphic 
structure containing a system of multiple-layer piezo 
-elements, a radiation detector in the form of a 
hexagonal photodiode lattice and hexagonal lens 
lattice. All the optical elements of the module 
including the radiation detector can be fitted in the 
same housing provided with inlet and outlet optical 
windows. In addition, the proposed design increases 
the sensitivity and reliablility of the adaptive optical 
module, and significantly increases its operational 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1. Deformable bimorph mirror, beam split elements, abnormal-conditions mirror, and master oscillator, An abnormal-conditions 
mirror signal amplifier with which it was combined with one input of a master-oscillator output, and an output was combined with 
this abnormal-conditions mirror, It is an adaptive optics module which consists of this compensator containing an image 
formation optical system, a radiation receptor of photo-diode arrangement type, and an electronic amplifier-converter with which 
an input was combined with a compensator, A deformable bimorph mirror which this compensator was made from a form of a 
dynamic alignment head provided in it, and was made from a form of hall^passivity bimorph structure, It consists of a hexagon 
mosaic system of a multilayer piezoelectric element of a hexagon or a circle configuration, A module, wherein this radiation 
receptor was made from a form of arrangement of a hexagon of a photo-diode where circular or it has an optical opening of a 
hexagon and this electronic amplifier-converter is made from the possibility of generating of a dynamic alignment head driving 
control signal. 

2. Module according to claim 1 , wherein it can establish arrangement of hexagon of lens which has optical circular opening and 
this arrangement is arranged in front of radiation receptor. 

3. Module according to claim 2, wherein each radiation receptor photo-diode is arranged at focus of arrangement of hexagon of 
lens corresponding to opening. 

4. The module according to claim 2 which being able to attach a fiber optical cable of a lot, combining each with a single 
subopening of a hexagonal array of a lens by 1 side, and combining with a radiation receptor corresponding to a photo-diode by a 
side else. 

The module according to claim 4, wherein it can provide an optical element combined with a hexagonal array of a lens by 5,1 
sides, and is combined with a single fiber optical cable of a lot by a side else and a focus of all the subopenings of hexagon-head 
arrangement of a lens is in agreement with the back of this optical element. 

6. Can provide a common case and all the optical parts are arranged here including a radiation receptor, This case consists of ON 
and an output optical window, and an input optical window is arranged in front of a deformable bimorph mirror in a way of a beam 
which carries out ingress there, A module given [ of the Claims 1-5. wherein it is reflected from there or an output optical 
window is arranged over beam split elements in a way of a beam which passes through that ] in any 1 clause. 7. An input optical 
window is formed in a form of an object lens, and the incident light opening corresponds to a size of a transverse direction of a 
beam which carries out ingress to this module, The module according to claim 6 attaching a condition by a deformable bimorph 
mirror controllable light opening about an angle of inclination of a mirror proportional to a beam which carries out ingress to it to 
the emitted light opening. 

8. Module given [ of the Claims 1-7, wherein a deformable bimorph mirror is made from a form of a product which can be cooled ] 
in any 1 clause. 

9. An electronic amplifier-converter is connected to a radiation receptor corresponding to a photo-diode in the input, The output 
is connected to an input of a synchronous detector which was able to provide a subtractor circuit, and one of the inputs is 
connected to a master-oscillator output, An output can form a subtractor connected to a converter connected in parallel with 
mutual, and a multiplier, This converter and a multiplier via the first amplifier, respectively to a dynamic alignment head actuator. 
And a module given [ of the Claims 1-8 connecting to a deformable bimorph mirror multilayer piezoelectric element in series via a 
digital/analog converter and the second amplifier ] in any 1 clause. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Field this invention of adaptive optics module this invention about a controllable optical system, It is used for the system of the 
large class containing the radiation wave side (wavefront) control with an optical device or phase-distortion amendment and an 
industrial laser technique complex, the optical telescope of a different spectral range, lightguide, and a tracking system. 
The adaptive optics system air phase-distortion correcting system of the background telescope of this invention is known (J. 
J. E.Graves/' Adaptive optics at the University). [ Anuskewicz, M.J.Northcott, ] of Hawaii:II.Control. system with real-time. 
diagnostics"Proc.SPIE, 1994, vot.2201, p.879-888 and J.E.Graves, F.Roddier, M.J.Northcott and J.Anuskewicz/'Adaptive. optics 
at the University, of Hawaii:IV.A photon counting curvature wave front sensor. "-Proc.SPIE. 1994, vol.2201, p. 502 -507 reference. 
It consists of a compensator containing the deformable bimorph mirror based on the active bimorph piezo-electricity structure of 
having a control electrode of 13 in the forms of a main ring and the ring of the two same axles, Each is divided into six separate 
portions (J. P.Gigan/'Adaptive Optics:Description of available components). [ -P.Gaffard, P.Jagourel, ] at Laserdot."-Proc.SPIE, 
1994, vol.2201, p.688 -702 reference. It is combined with the mirror for wave-front inclination dynamic amendment,; beam split 
elements,; film abnormal-conditions mirror,; master oscillator, and one; input of this master-oscillator output, an output consists 
of the abnormal-conditions mirror signal amplifier and; image formation optical system which were combined with this abnormal- 
conditions mirror, and a single lens of; 13 — each arrangement and the optical opening composition of this lens — this — so that 
the arrangement secondary opening focus of all arrangement and; corresponding to a deformable bimorph control array may be in 
agreement with the back. The optical radiation receptor which consists of an optical element combined with this focusing lens 
array and a single avalanche photodiode of; 13, and each; combine with this lens array single secondary opening focus, It consists 
of an electronic amplification converter which is combined with this optical element by 1 side, and is combined with this radiation 
acceptance single photo-diode by the side else, and the input is combined with this compensator. Operation of the above- 
mentioned adaptive optics system is due to measurement of the local radius phase inclination on the wave-front boundary which 
has amendment of the following of this inclination in the wave-front local curvature and the bimorph mirror of a section of an 
optical beam. An additional mirror is used for the amendment of this wave-front common inclination based on corresponding 
measurement data, this abnormal-conditions film mirror forms the focal picture which separated from the pupil of two telescopes 
on a lens array — ; — the first picture is formed when this abnormal-conditions mirror becomes depressed as much as possible - 
-; — the second picture is formed when this mirror becomes depressed as much as possible. When there are no abnormal 
conditions, a plateau diaphragm mirror forms a telescope pupil picture correctly on a lens array. When phase distortion does not 
exist in an optical beam, this picture is the same, and when phase distortion exists, these pictures differ. Different picture signals 
outside a focus as a result differ to each of this photo-diode. The error signal of each control channel is a difference of the same 
radiation acceptance photo-diode signal corresponding to a different picture outside a focus. Amplitude error voltage is 
impressed to the electrode to which this bimorph mirror corresponds, and it amends this phase distortion of an optical system. 
Low amplitude and its low sensitivity (being the maximum, respectively +/-being 10 and the maximum 25-/kV) of the phase 
distortion to which the fault of the above-mentioned adaptive optics system was caused by the low amplitude of controllable 
modification of :1 bimorph mirror and which can be amended; 

2) The system complexity in which it is manufactured so that single components may manufacture especially the arrangement of 
the high-voltage-control unit of 13 of a bimorph mirror (+/-400V), and a lens, and the 12 has the composition which takes the 
form of an annular area, and which is not standardized, and extraordinary complexity of this system brought about by high labor 
intensity; 

3) a class predetermined with very many control electrodes — this — thing; which cannot increase phase correction accuracy 
from manufacture of an efficient bimorph mirror being impossible substantially by the increase in the amount of control channels 

4) Low phase correction accuracy caused by the symmetrical dimension with low bimorph mirror single-control electrode and 
lens array single secondary opening; 

5) The low permissible input light study radiation power level produced according to it being impossible to form the bimorph 
mirror which can cool a predetermined class (1 kW of outlines): 

The adaptive optics system for amendment of the air phase distortion in a telescope is known (J. G.Barrick/'Optical Designs of 
Adaptive Optics). [ S.Pazder. E.H.Richardson, ] Modules for Canada-France-Hawaii and Gemini TeIescopes."-Proc.Of the ICO-16 
Satellite Conference on Active, and Adaptive Optics, Aug.2-5-1 993, Garching/Munich, Germany, F.Merkle ed.. and ESO 
Conference and Workshop Proc .,48,p. 59-64. And "PUEO" by R.Arsenault, D.Salmon, J.Kerr, etc. and The Canada-France-Hawaii 
Telescope Adaptive Optics Bonnette.I.System. Description."-Proc.SPIE, 1994, vol.2201, p.833 -842 reference, The main ellipse 
divided into another division of 6 and 1 2, respectively. And the form of two same mind ellipse rings. The wave-front inclination 
dynamic amendment mirror and modification bimorph mirror (C. "Laserdot components according to Boyer, P.Jagourel, 
J.P.Gaffard, etc.) based on active piezoelectric bimorph structure with a control electrode of 1 9 to take of the PUEO Adaptive 
Optics System." -Laserdot-Cilas and September 1995 — reference,; beam split elements,; abnormal-conditions film mirror.; 
master oscillator, and; — it being combined with one of these the master-oscillator outputs, and the input. The output consists 
of the abnormal-conditions mirror signal amplifier and; image formation optical system which are combined with this abnormal- 
conditions mirror, and a single lens of;19. each arrangement and the optical opening composition of this lens — this — so that 
the arrangement secondary opening focus of all arrangement and; corresponding to a deformable bimorph control array may be in 
agreement with the back. The optical radiation receptor which consists of an optical element combined with this focusing lens 
array and a single avalanche photodiode of;19, and each; combine with this lens array single secondary opening focus, and are 
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combined with this optical element by 1 side. The fiber optical cable combined with this radiation acceptance single photo-diode 
by the side else; the input is connected to this radiation receptor and a master-oscillator output, and the output consists of an 
electronic amplifier-converter connected to a compensator. In operation of this adaptive optics system, at least that of 19 in this 
system has a layer control channel instead of 13, and the 12 is similar to the above-mentioned system which differs in being 
used for wave-front circumference radius slope correction. 

Low amplitude and its low sensitivity (the maximum mirror cohtrollable curvature radius is +/-34) of the phase distortion to 
which the fault of this adaptive optics system was caused by the low amplitude of controllable modification of :1 bimorph mirror 
and which can be amended 

2) The necessity for the special mirror used for wave-front slope correction in the first place. Complexity in which this system 
by which it is brought by the system complexity which manufactures especially the lens array of 18 of that that has the 
composition in which single components take the high-voltage -control unit of 1 9 of a bimorph mirror (+/-400V) and the form of 
an annular area, and which is not standardized, and high labor intensity is [ second ] extraordinary; 

3) a class predetermined with very many control electrodes — this — thing; which cannot increase phase correction accuracy 
from manufacture of an efficient bimorph mirror being impossible substantially by the increase in the amount of control channels 

4) Low phase correction accuracy caused by the symmetrical dimension with low bimorph mirror single-control electrode and 
lens array single secondary opening; 

5) The low permissible input light study radiation power level produced according to it being impossible to form the bimorph 
mirror which can cool a predetermined class (1 kW of outlines). 

The conventional technology it will be [ conventional technology ] most adapted soon is known by the adaptive optics system 
and this invention which are used for amendment of the air phase distortion in a telescope, and it consists of compensators, The 
abnormal-conditions mirror signal amplifier with which a modification bimorph mirror, beam split elements, an abnormal-conditions 
film mirror, a master oscillator, and its input are combined with one of these the master-oscillator outputs as for it, and the 
output is combined with this abnormal-conditions mirror, An image formation optical system and the optical radiation receptor 
which consists of photo-diode arrangement, The input is combined with this radiation receptor and this master oscillator, The 
output consists of an electronic amplification converter combined with this compensator (for example, D.LMcKenna."The 
University of Hawaii adaptive Optics system; 1 1 1 The J.E.Graves). Refer to Wavefront Curvature Sensor/'-Proc.SPIE, 1991, 
vol.1542, and p.262-272. 

Operation of this adaptive optics system is similar to the above-mentioned system, when **** abnormal conditions exist in the 
picture outside a telescope pupil focus in this case, it is directly formed on this radiation receptor, but not being formed on this 
lens array differ. Low amplitude and its low sensitivity (being the maximum, respectively +/-being 10 and the maximum 25-/kV) 
of the phase distortion to which the fault of this adaptive optics system was caused by the low amplitude of controllable 
modification of :1 bimorph mirror and which can be amended; 

2) Extraordinary complexity of the system which single components produce by the necessity of using the high-voltage-controt 
unit (+/-400V) and the special wave-front slope correction mirror of 13 of a bimorph mirror; 

3) a class predetermined with very many control electrodes — this — thing; which cannot increase phase correction accuracy 
from manufacture of an efficient bimorph mirror being impossible substantially by the increase in the amount of control channels 

4) . Low phase correction accuracy caused by the symmetrical dimension with low bimorph mirror single-control electrode and 
lens array single secondary opening; 

5) The low permissible input light study radiation power level produced according to it being impossible to form the bimorph 
mirror which can cool a predetermined class (1 kW of outlines). 

The technical result of summary this invention of this invention consists of expansion of the range and optical radiation phase- 
distortion correction accuracy improving simplification of the received power level and an application optical system. 
This result is obtained by use of the proposed adaptive optics module, and this module A modification bimorph mirror, The 
abnormal-conditions mirror signal amplifier with which beam split elements, an abnormal-conditions film mirror, a master 
oscillator, and its input are combined with one of these the master-oscillator outputs, and the output is combined with this 
abnormal-conditions mirror, An image formation optical system and the optical radiation receptor which consists of photo-diode 
arrangement, The input is connected with this radiation receptor at this master-oscillator output, and the output is combined 
with a compensator. This compensator is made from the form of a dynamic alignment head provided in it. The deformable 
bimorph mirror made from the form of half-passivity bimorph structure consists of a hexagon mosaic system of a hexagon or the 
multilayer piezoelectric element of circular structure, This radiation receptor is made from the form of the arrangement of the 
hexagon of a photo-diode where circular or it has an opening of a hexagon, and this electronic amplifier-converter is made from 
the possibility of generating of a dynamic alignment head driving control signal. 

In addition, this adaptive optics module can establish the arrangement of the hexagon of the lens which has an optical circular 
opening, and this arrangement is arranged in front of a radiation receptor. 

Each of this radiation receptor photo-diode is arranged at the focus of the hexagonal array of the lens corresponding to an 
opening. This module can attach the fiber optical cable of a lot again, The each is combined with the single subopening of the 
hexagonal array of a lens by 1 side. The optical element combined with the hexagonal array of the lens by;1 side combined with 
the radiation receptor corresponding to a photo-diode by the' side else can be provided, ; which is combined with the single fiber 
optical cable of a lot by the side else and whose focus of all the subopenings of the hexagon-head arrangement of a lens 
corresponds with the back of this optical element — it being attached to a common case and, All the optical parts are arranged 
here including a radiation receptor, and this case consists of an input-and-output optical window, An input optical window is 
arranged in front of the deformable bimorph mirror in the way of the beam which carries out ingress there, it is reflected from 
there or an output optical window is arranged over the beam split elements in the way of the beam which passes through that. 
An input optical window is formed in the form of an object lens again, the incident light opening corresponds to the size of the 
transverse direction of the beam which carries out ingress to this module, and a condition is attached to the emitted light 
opening by a deformable bimorph mirror controllable light opening about the angle of inclination of the mirror by the beam which 
carries out ingress to it. this — a deformable bimorph mirror is made from the form of the product which can be cooled. This 
electronic amplifier-converter is connected to the radiation receptor corresponding to a photo-diode in the input, The output is 
connected to the input of the synchronous detector which was able to provide the subtractor circuit, and one of inputs is 
connected to a master-oscillator output. A converter and a multiplier are connected to a deformable bimorph mirror multilayer 
piezoelectric element in series via the second amplifier connected to a dynamic alignment head actuator, and the converter to 
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which a digital/analog converter and its output were connected in parallel with mutual and a multiplier via the first amplifier, 
respectively. 

Broadening of an optical radiation phase-distortion correction range, i.e., the increase in the distortion peak magnitude which can 
be amended, is attained by making a deformable bimorph mirror from the form of the half-passivity bimorph structure which 
consists of a mosaic system of a hexagon or the hexagon of the multilayer piezoelectric element of circular composition. In such 
a case, the displacement amplitude with the controllable optical surface of a mirror actually increases by use of the multilayer 
piezoelectric element in this half-passivity bimorph mirror, and the sensitivity of this mirror increases again, the effect of these 
both — the active bimorph mirror of conventional technology even comparing — it is generated. When the one-channel 
multilayer bimorph mirror containing the multilayer piezoelectric element of 1 is used. ; sensitivity whose modification of the 
reflecting surface in the :maximum voltage 300V with which it is alike and the effect of these both is checked by the following 
numerical examples is an order (it is 10 at 400V to the mirror used by conventional technology) of 21 being 70-/kV (it is 25-/kV 
to the mirror used by conventional technology), and. A.G. Safronov, Kvantovaya elektronika, 1995, v.22, N 11, PP.1113 -1117 
reference. Besides the data of an account is average, they correspond to the upper surface of the bimorph mirror which has a 
molybdenum light reflector, and that optical opening is a little larger than the mirror used by conventional technology. The optical 
surface displacement of a deformable bimorph mirror increases by the adaptive optics module in which the distortion peak 
magnitude which can amend a wave front was proposed as compared with conventional technology, namely, broadening of an 
optical radiation phase-distortion correction range is attained. The feature to which it corresponds in such a case is that the 
half-passive bimorph structure of the deformable mirror in the proposed adaptive optics module consists of a multilayer element. 
In the conventional technology known and its analogous art, use of this feature is impossible. It is because a single multilayer 
piezoelectric element is realizable only by half-passivity bimorph structure. The improvement in optical radiation phase-distortion 
correction accuracy is attained by invention proposed by the possibility of the increase in the phase control of the amount of 
channels in this adaptive system. The remaining errors of amendment decrease, namely, case [ whose measurement and 
amendment of wave-front distortion are / like the bigger spatial frequency as a result which correction accuracy increases than 
conventional technology ], they are actually possible. 

The feature to which it corresponds in the case of being such: Deformable half-passive bimorph structure consists of a hexagon 
mosaic system of a hexagon or the multilayer piezoelectric element of circular structure within this adaptation module, and; 
radiation receptor is made from circular or the form of the arrangement of the hexagon of a photo-diode where it has an optical 
opening of a hexagon. 

The substantial increase in the number of phase control channels is impossible at the conventional technology known or 
especially its analogous art. Because, the deformable mirror based on the active bimorph structure which has much control 
electrode structures dramatically is a problem which cannot be determined actually [ because both acceptance of electric 
arrangement of a control electrode and the maintenance to them is impossible ]. 

The adaptive optics system of air phase-distortion amendment through a telescope is known from the level of conventional 
technology, This system the hexagon system of the control electrode of 19 or 37. It consists of a mirror which it has and in 
which half-passivization is possible (F. F.Forbes, N.Roddier, "Adaptive optics using Curvature sensing"-Proc.SPIE, 1991, vol.1542, 
p. 140 -147 reference). Although the known system is far apart from'the proposed module, it consists of a piezoelectric board 
which has the control electrode provided in the outside surface without including this multilayer piezoelectric element in a 
deformable bimorph mirror. The efficiency of an operating characteristic and this mirror is dramatically low, this especially mirror 
has very low reflector displacement amplitude, and the adaptive optics system based on it known has a narrow phase correction 
range (wave-front distortion amplitude). 

It is impossible again to increase substantially the quantity of the control channel of the system which in addition to the above 
was known because electric arrangement of :1 control electrode was impossible.; 

2) Therefore the bimorph mirror used by the system known is complicated in order to have a low operating characteristic and to 
supply a actual optical system, and there is very high labor consumption in manufacture, practical realization of that is 
impossible.; 

3) In the system known, the radiation receptor with which the prism and solid photo multiplier of a lot are used is distinguished 
from one to which it was substantially applied by this invention. 

Actual realization and efficiency of this radiation receptor are dramatically low. 

Therefore, the efficiency of the system known as the whole and the "usefulness" of that are dramatically low again. Therefore, 
only the combination of this characteristic is enabled to acquire expansion of the above-mentioned technical result, i.e., the 
range, and the increase in optical radiation phase-distortion correction accuracy based on the above. 

It is because simplification of this adaptive optics system of this invention does not use a special mirror in order to amend 
dynamically :1 wave-front common inclination provided for the following Reasons and to replace this mirror with a dynamic 
alignment head. The characteristic of corresponding in this case has the deformable bimorph mirror in which :compensator was 
formed there, It is made by the form of this dynamic alignment head made by the form of half-passive bimorph structure, and this 
electronic amplifier—converter is made so that it may have the possibility of generating of a dynamic alignment head driving 
control signal.; 

2) Decrease this deformable bimorph mirror control voltage, and ** which has a low-voltage generator is because a complicated 
large mirror control high-tension unit is replaced. Reduction of deformable bimorph mirror control voltage is provided by use of 
the multilayer piezoelectric element in the design. What is "necessary is just to impress substantial more little control voltage to a 
deformable bimorph mirror as compared with the conventional technology known to amendment of the phase distortion which has 
predetermined amplitude actually in such a case, and its analogous art. Therefore, this high-vortage-control unit is replaced 
without reduction of the efficiency of an adaptive optics module in a low-voltage unit. In such a case, as for the characteristic of 
corresponding, this deformable bimorph structure consists of a mosaic system of this hexagon of a multilayer piezoelectric 
element, use of the dynamic alignment head for simplification of an adaptive optics system — a Prior art — it is known from the 
level (A. — V. — ) [ Ikramov and ] A.G. Refer to the 9201 0078th/of Russia patent 28 (055859) items of o7.12.1992. and 
int.CI.G02B 26/06, recognized on Safronov. "Optical adaptive module" and August 4, 1994. guaranteeing that only the 
combination of both above-mentioned characteristics obtains the result of the above-mentioned technology, i.e., OPUTO. — the 
simplification guaranteed substantially [ system / this / of this invention of both electronic parts / adaptive optics ] mechanical 
is enabled. 

In addition, it needs to mind that use of the feature shown in the first two above (conventional technology, i.e., this compensator) 
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cannot be made from the form of a dynamic alignment head where it has a deformable bimorph mirror. It is for example, B-455.20 
(or B-455.30)Gimbal.Mount Mirror Holder with Piezoelectric Fine Adjustment (Catalogue.) at this purpose by any cases. The 
industrial standard of an alignment head like of Physik Instrumente(PI) GmbH is used by B-455 or B-455-30. The size of the 
whole substantial with this Reason and the weight of the deformable bimorph mirror were used by conventional technology (100 
mm in diameter, 80 mm in length, weight of a 1-kg order). 60 to 70 mm rdiameter by which these data is compared with the 
characteristic of an one multilayer half passivity bimorph mirror, and the similar characteristic as an example (it is not substantial 
and multi-channel half passivity bimorph mirror weight size parameters differ in mutual clearly), 13-mm(except for electronic 
connector) about 250g in weight in thickness (A. refer to G.Safronov, Kvantovaya elektronika, 1995, v.22, N 1 1, and pp.11 13- 
1117) This deformable bimorph mirror that has the above-mentioned characteristic is especially installed ideally in this dynamic 
alignment head including installation of an above-mentioned product. Only in the case of the combination of the above-mentioned 
feature, as compared with conventional technology, the achievement as a result of this above-mentioned technology (namely, 
simplification of an adaptive optics system) is provided, That is, a compensator is made from the form of a dynamic alignment 
head where the deformable bimorph mirror which consists of a hexagon mosaic system of a multilayered piezoelectric element 
was formed there, and an electronic amplifier-converter is made from the possibility of generating of a dynamic alignment head 
driving control signal. 

The hexagonal array of the lens with which one feature of this invention has a circular light opening in front of this radiation 
receptor for the purpose of the increase in the sensitivity of an adaptive optics module is provided. The increase in adaptive 
optics module sensitivity is attained when based on reduction of all the radiation receptor photo-diode light openings as a result 
of the dark current and system internal noise reduction. Use of the lens array for the increase in sensitivity is carried out with 
the known analogous art. A single lens is used in these arrangement in spite of both cases. The lens constitution corresponding 
to a bimorph mirror simple electrode is not standardized. Therefore, manufacture of this lens and optical control are complicated, 
and require a labor. A possibility of replacing the optical lens which is not standardized with the usual circular lens brings about 
the further simplification of this adaptive optics module. In order that that this feature uses it on the whole may only acquire the 
increase in adaptive optics module sensitivity (that is, the arrangement of the hexagon of the lens which has a circular light 
opening by which a module is arranged in front of a radiation receptor can be established), this invention means — having 
(simplification of an adaptive optics system) — the substantial technical result for obtaining is brought about again. 
In order to extend further the increase in the sensitivity of the proposed adaptive optics module, and reliability, and the 
functional potential of that, ; this module arranged at the hexagonal array of the lens corresponding to an opening focus in each 
of a radiation receptor photo-diode is offered with the fiber optical cable of a lot, It is combined with the single opening of the 
hexagonal array of a lens at one side, and the each is combined with the radiation receptor corresponding to a photo-diode by 
the side else. 

This module is combined with a lens hexagonal array by the group of a fiber optical cable by the side else at one side again, and 
the focus of all the lens hexagon secondary openings is in agreement at the back of this optical element. This module is provided 
in a common case and all the optical elements are arranged here including this radiation receptor. This case consists of an input- 
and-output optical window, an input optical window is arranged in front of the deformable bimorph mirror in the way of the beam 
which carries out ingress there, it is reflected from there or an output optical window is arranged over the beam split elements in 
the way of the beam which passes through that. An input Optical window is formed in the form of an object lens again, the 
incident light opening corresponds to the size of the transverse direction of the beam which carries out ingress to this module, 
and a condition is attached to the emitted light opening by a deformable bimorph mirror controllable light opening about the angle 
of inclination of the mirror by the beam which carries out ingress to it. This electronic amplifier-converter is connected to the 
radiation receptor corresponding to a photo-diode in the input, The output is connected to the input of the synchronous detector 
which was able to provide the subtracter circuit, and one of inputs is connected to a master-oscillator output, A converter and a 
multiplier are connected to a deformable bimorph mirror multilayer piezoelectric element in series via the second amplifier 
connected to a dynamic alignment head actuator, and the converter to which a digital/analog converter and its output were 
connected in parallel with mutual and a multiplier via the first amplifier, respectively. 

above — one of the adaptive optics module attributes of this invention — the purpose of the increase in an input light study 
radiation acceptance power level — this — a deformable bimorph mirror is made from the form of the product which can be 
cooled. It is necessary to mind that use of this feature is impossible (that is. achievement of increase in this technical result- 
input light study radiation acceptance power level - be impossible) in the conventional technology known and its analogous art. It 
is because it is impossible to realize a reflector cooling system in this bimorph deformable mirror based on active bimorph 
structure. Therefore, it guarantees obtaining the combination (this deformable bimorph mirror is simultaneously made from half- 
passivity bimorph structure and the form of the product which can be cooled) of the above-mentioned feature, and the result of 
the above-mentioned technology. 

The easy explanatory view 1 of Drawings shows the outline of an adaptive optics module including the possible embodiment of 
the case. 

A dynamic alignment head design is roughly shown in drawing 2 . in order to explain the principle of the operation. 

When five piezoelectric boards (piezoelectric layer) are used for drawing 3 with each multilayer piezoelectric element, the section 

of the outline of a deformable bimorph mirror based on half-passivity bimorph structure is shown. 

A piezoelectric element has the composition of a hexagon in drawing 4 , and the figure which looked at the deformable bimorph 
mirror from the multilayer piezoelectric element side in case the number is 19 is shown. 

A radiation receptor in case a radiation receptor is the arrangement which consists of a photo-diode of 1 9 which has an optical 
opening of a hexagon is shown in drawing 5 . 

The block diagram of an electronic amplifier-converter is shown in drawing 6 . 

The portion of adaptive optics modular design in case the arrangement of the lens which has a circular light opening is used for 
drawing 7 is shown. 

It has composition with a circular lens in drawing 8 . and a case when the common number is equal to 19 is shown. 

The portion of adaptive optics modular design in case the fiber optical cable of an adaptive optics element and a lot is used for 

drawing 9 beyond a lens array is shown. 

An adaptive optics module consists of the alignment head 1 which has the deformable bimorph mirror 2 formed in it, the beam 
split elements 3, the abnormal-conditions mirror 4, the radiation receptor 5, the master oscillator 6. the abnormal-conditions 
mirror signal amplifier 7, and the electronic amplifier-converter 8 in the explanatory view 1 of the optimal embodiment . In addition, 
this adaptive optics module consists of the case 9 which contains input 10 and output 11 optical window selectively by drawing 1 . 
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This dynamic alignment head consists of the fixed base 12, the two base materials 13 and 16, the two piezoelectric drivers 14 
and 1 7, and movable frames 1 8 by drawing 2 . drawing 3 and drawing 4 — referring to it — this — a deformable bimorph mirror 
consists of the case 19, the light reflector 20, the multilayer piezoelectric element 21, the connecting electrical wire 22, and the 
electrical connector 23. This radiation receptor consists of the photo-diode 24 by drawing 5 . This electric amplifier-converter 
consists of the preamplifier 25, a synchronous detector and the subtractor circuit 26, the control-line sequence multiplier 27, the 
digital/analog converter 28, the output amplifier 29, and the converter 30 by drawing 6 . This adaptive optics module consists of 
arrangement of the lens 31 selectively by drawing 7 . and this lens has the circular light opening 32 by drawing 8 . and consists of 
the optical element 33 and the fiber optical cable 34 of a lot by drawing 9 . This piezoelectric drive is this a part of dynamic 
alignment head design, and an arrow shows it to drawing 1 . The direction of propagation of the optical beam between an optical 
part and the direction of the electrical signal way between electric apparatus is shown to drawing 7 by the corresponding arrows 
7 and 9. The diametrically opposite position of the abnormal-conditions mirror optical surface 4 is shown to drawing 1 , and 7 and 
9 by the dotted line. An axis of coordinates vertical to mutual [ two ] is shown to drawing 2 by the signs X and Y. 
It is shown that the sign near the signal-unit communication line of drawing 6 "N" and "2" have an input/output channel of some 
[ equipment / corresponding ]. 
This adaptive optics module operates as follows. 

input light study radiation (beam) — this (with drawing 1 ) — it acting to the deformable bimorph mirror 2 as Irikita, and, It is 
attached in this dynamic alignment head 1, it acts as Irikita to this beam divider element 3 further, the small portion of this 
radiation is conveyed in acceptance optical channels (namely, this abnormal-conditions mirror 4) from there, and ingress of the 
main beam is carried out to a module output. It acts to this radiation receptor 5 as Irikita of the optical radiation reflected from 
this abnormal-conditions mirror 4, and an electrical signal is impressed from this receptor to this electric converter 8. an initial 
state — this — the optical composition of the deformable bimorph mirror 1 and this abnormal-conditions mirror 4 being a flat 
surface, and, All the module OPUTO mechanical elements (1, 2, 3, 4, 5) including an image formation optical system (not shown) 
align so that the actual focal image of either the radiation source or an observing object may be formed on this radiation 
receptor. The optical beam which has a flat wave front by one side of initial alignment of a module optical circuit is used, the 
angle of the optical beam which enters into this optical element is shown like before — a required method — each — when 
special, it is changed and gets. 

For example, when an electrical signal like a sine wave signal acts to this abnormal-conditions mirror 4 as Irikita by an initial state 
from this master oscillator 6 via this amplifier 7, the latter changes the curvature. The picture outside [ focus ] two is formed on 
this radiation receptor 5 at a certain moment corresponding to the deflection of the two maximum serious tone mirrors with an 
opposite mark (see drawing 1 ). When the input light study beam which has a flat wave front carries out ingress of the picture 
outside these foci, it is the same at an initial state. It is impressed by the input of the amplifier-converter 8, and each signal is 
amplified by this preamplifier 25 in the first place here (see drawing 6 ). and the electrical signal (see drawing 5 ) from each 
radiation receptor photo-diode 24 is impressed to a synchronous detector and the subtractor circuit 26. The number of channels 
of this synchronous detector 26 that has this preamplifier 25 and this subtractor circuit (see drawing 6 ) is equivalent to the 
quantity of this receptor radiation photo-diode 24 (see drawing 5 ). 

It is shown in drawing 6 by the sign near the communication line of the unit in which it corresponds "N." Two signals are 
detected within each channel of this synchronous detector 26 (see drawing 6 ). 

The each is [ the moment, i.e., when a focal picture is formed on the radiation receptor 5 outside two, of corresponding to the 

position at the very end of / two / an optical surface ] this radiation receptor 5 (see drawing 1 ). 

It is proportional to the optical radiant intensity on the photo-diode 24 (see drawing 6 ) which ******. 

An electrical signal is impressed to this synchronous detector 26 (see drawing 6 ) from this master oscillator 6 (see drawing 1 ) for 
this purpose, the electrical signal in the output of each channel of this subtractor circuit 26 (see drawing 6 ) — this — it differs 
from both signals. While having a wave front with a flat input light study beam, because the picture outside a focus formed by the 
initial state is the same, the electrical signal in the output of all the channels of this synchronous detector and this subtractor 
circuit 26 is equal to zero in this case. The input of all the electrical signals in an electric amplifier-converter input (see drawing 
6) and the dynamic alignment head 1 and the deformable bimorph mirror 2 is equal to zero as a result, in addition, the 
composition of a mirror is flat, and, in early stages, an outputted ray study beam has a flat wave front. When wave-front 
distortion exists in an input light study beam, the pictures outside a focus formed on the radiation receptor 5 (see drawing 1 ) the 
moment corresponding to the position at the very end of [ two ] an abnormal-conditions mirror reflector differ. This synchronous 
detector and the output power signal in each channel of the subtraction circuit 26 (see drawing 6 ) are except zero as a result. 
The corresponding difference signal in the input of such each channel to the inside photo-diode 24 (see drawing 5 ) of the 
radiation receptor 5 (see drawing 1 ) The local curvature of an optical beam wave front (it is inversely proportional to a curvature 
radius). That is. it is proportional to the wave-front curvature within restriction of the single subopening (sensitivity pad of the 
single photo-diode 24) of the single photo-diode 24 of the radiation receptor 5. As opposed to the circumference photo-diode 24 
(see drawing 5 ) of the radiation receptor 5 (see drawing 1 ). A synchronous detector and the difference circuit 26 ( drawing 6 .) The 
corresponding difference signal in the input of such each channel of reference is proportional to the local inclination of an input 
light study beam wave front (F. a new). [ Roddier."Curvature sensing and compensation, ] concept in adaptive optics. "-Appl.Opt., 
1988, v.27, 7, p. 1223 -1225 reference. The conditions of these both are attained by attaching a condition to the size of this 
optical beam that carries out ingress from a radiation receptor and it across boundaries. An electrical signal is impressed to the 
multiplier unit 27 from a synchronous detector and a subtractor output (see drawing 6 ), and this generates the control signal of 
the deformable bimorph 2 ( drawing 1 ) by execution of multiplex multiplier operation. : V=CxU (1) 

Here A synchronous detector and U vector of the output signal of the subtractor output (see drawing 6 ) 26, Namely, each 
element Ui of the vector U corresponds to the output voltage of a signal channel, and is equal to N, [ of the degree of the; vector 
U ] namely,; equal to the quantity (see the single photo-diode 24 and drawing 5 ) of the single opening of the radiation receptor 5 
(see drawing 1 ) — C control-line sequence dimension is NxN in this case — ; — the matrix C being a diagonal matrix and, in 
being the easiest, V vector of the output signal of the; control unit 27 determined by experiment in the preparatory step of the 
adaptation configuration of module using the source of reference from which that element differs (see drawing 6 ): Each element 
Vi of the vector V is equal to the number of the control channels of the deformable bimorph mirror 2 (in this case, N). 
This digital one / analog 28 (refer to drawing 6 ). and this output amplifier 29 change the output signal of the multiplier unit 27 into 
control voltage, and it The case 19 (see drawing 3 and 4). it consists of a hexagon mosaic system of the multilayer piezoelectric 
element 21 of the harf-passivity bimorph structure formed by the light reflector 20, and a hexagon or circular structure — this — 
it is impressed by the deformable bimorph mirror 2 (see drawing 1 ) (the multilayer piezoelectric element of the composition of a 
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hexagon is shown in drawing 4 ). Electric control voltage is impressed to a multilayer piezoelectric element via the electrical 
connector 23 and the connecting wires 22 (see drawing 3 ). Voltage is impressed to each piezoelectric layer (or piezoelectric 
board) of each multilayer piezoelectric element by internal connection, and it is theoretically important in order to obtain the 
above-mentioned technical result. When voltage is impressed to a multilayer piezoelectric element, they are transformed by the 
inverse piezoelectric effect, and it causes modification (bending) of a deformable bimorph mirror reflector as a result of [ its ] 
corresponding local half passivity bimorph structure. 

When the control voltage V is impressed in the case of being the easiest (the center is in agreement with the center of a mirror 
in existence of the only control electrode of circular composition or the only multilayer piezoelectric element), alike — a half — 
passivization — possible — a bimorph mirror reflector — : expressed by the formula of the following [ composition / of W (r) ] 
(within restriction of a control electrode or a piezoelectric element) W(r) =-K(r/r Q )2V and 0<r<ro (3) 

The radius of an r 0 control electrode (multilayer piezoelectric element) and K are mirror amplitude sensitivity here, this — an 
analytical formula (2) is indicated in the following document :P .Jagourel, P -Y.Madec, and M.Sechaud. "Adaptive Optics: A bimorph 
mirror for wavefront. correction/'-Proc.SPIE, 1 990, vol.1 237,p.394-405rthe experimental verification-in the work 
A.G.Safronov.Kvantovaya elektronik As opposed to the deformable mirror which a, 1995, v.22, N 11, and a pp.1 113. type (2) do not 
take the hysteresis effect of a piezoelectric ceramic into calculation, but has the initial plane constitution of the reflector. It is 
clear and it is :R cr =ro 2 /2kV (3) that a formula (2) expresses the rotation parabola which has the curvature radius Rcr in a tip. 
This is inversely proportional to this control voltage V, Between the deformable bimorph mirror reflector curvature proportional 
to the difference signal and control voltage of the corresponding photo-diode proportional to the curvature of the wave front 
which changed thus when [ of the multilayer piezoelectric element of circular composition ] the easiest There is correspondence 
of the couple 1 (in this case, a different signal is removed from a radiation acceptance photo-diode, and that arrangement and 
size correspond to a bimorph mirror multilayer piezoelectric element). Therefore, when are taken into consideration and the 
control voltage of the intensity proportional to the difference signal of a photo-diode is impressed, modification of the bimorph 
mirror which has one central piezoelectric element produces the wave-front curvature correction in an input (it ****ed) optical 
beam. When [ in the proposed adaptive optics module / easiest ] it thinks, it corresponds to the main multilayer piezoelectric 
element (see drawing 4 ) and this radiation receptor (see drawing 5 ) of a deformable bimorph mirror. In the case of the hexagon 
composition of a piezoelectric element, and a radiation receptor secondary opening, in addition, the Reason illustrated [ above- 
mentioned ] is effective. It is because the difference of the field of a hexagon and the circular field inscribed in in this hexagon is 
not remarkable. 

When generated in modification of an element to the multilayer piezoelectric element 21 shown in drawing 4 , the composition of a 
bimorph mirror reflector differs from a formula (2) even to a case when this piezoelectric element is circular. It is caused by 
displacement of the piezoelectric element to the end of a mirror. It does not almost make this difference in spite of within 
restriction of the innermost multilayer piezoelectric element, Bimorph mirror reflector curvature is proportional to the control 
voltage impressed to this element within restriction of this piezoelectric element (for example, to a bimorph mirror, it consists of 
a monolithic piezoelectric board and a compartmented control electrode, and). rA.V.Ikramov proved from it being indicated in 
document shown below. I.M.Rostchupkin, A.G.Safronov, Kvantovaya elektronika, 1994, v.21. and N. When the control voltage 
proportional to the difference signal from the photo-diode 24 (see drawing 5 ) with which 7 and a pp. 665-669 radiation receptor 
correspond is impressed to the internal piezoelectric element 21 (see drawing 3 and 4), therefore, amendment of the local 
curvature of the wave front by which the input light study beam was ****(ed) is carried out. 

When the opening of the whole occupied with the internal multilayer piezoelectric element 21 (see drawing 4 ) is found out in an 
input light study beam cross section, in addition, the last Reason is permitted. This is related also with the opening of the whole 
occupied by the photo-diode 24 (see drawing 5 ) inside a radiation receptor again. 

The single multilayer piezoelectric element 21 (see drawing 4 ) of a bimorph mirror and the single opening 24 (photo-diode) (see 
drawing 5 ) of a radiation receptor have circular composition (not shown in drawing 4 and 5). In this case, it is brought by it being 
equal to the curvature of drawing 4 and this response breadth in ken in the possible angular orientation where bigger symmetry 
than that of a single multilayer piezo-electricity response function differs as compared with the composition of a hexagon as 
shown in 5. Correspondence is acquired with bigger symmetry from that between the actual local curvature (a corresponding 
photo-diode difference signal is proportional to this curvature) in an input light study beam distorted wave side, and the 
controllable local curvature of a deformable bimorph mirror reflector, and it brings about eventually the increase in the existing 
phase-distortion correction accuracy. The hexagon composition of the piezoelectric element 21 (refer to drawing 4 ) and the 
photo-diode 24 (refer to drawing 5 ) provides the closest packing within restriction of an optical opening. When equal to big (it is 
not clear) reflector modification amplitude, occupancy more high-density than that of the optical opening by a piezoelectric 
element is provided rather than other things are proportional to a piezo-electric field (see the formula (2)). 
The bimorph mirror reflecting surface composition in an optical opening zone to the multilayer piezoelectric element 21 of the 
circumference shown in drawing 4 under modification of this element, It corresponds to a local circumference inclination, Namely, 
when control voltage is impressed to the surrounding piezoelectric element 21. The reflecting surface 20 ( drawing 3 .) of 
deformable bimorph it is in the zone corresponding to a reference light opening — a grade inclination is carried out (A. 
Kvantovaya) [ V.Ikramov, S.V.Romanov, I.M.Rostchupkin, A.G.Safronov AO.Sulimov. ] Refer to elektronika, 1992, V.I 9, N 2. and 
pp.1 80-1 83. Strict enforcement of these conditions enters into arrangement of this bimorph mirror and the circumference 
multilayer piezoelectric element 21 (see drawing 3 and 4), and is attained by the conditioning of the lateral direction dimension of 
an optical beam."PUEO" by :R.Arsenault by which the following paper is shown the characteristic example over the zone 
electrode of a monolithic piezoelectric board, D.Salmon, J.Kerr, etc., and The Canada-France-Hawaii Telescope. Adaptive Optics 
Bonnette.1 "System Description" -Proc.SPIE, 1994, and vol.2201 p.832-842 — thus. The one to one correspondence between 
the difference signals of the circumference photo-diode 24 (see drawing 5 ) with a radiation receptor exists. This is proportional 
to the perverted wave-front position in the zone where the incident light beam section of one side corresponds, and the 
deformable bimorph mirror reflector local inclination in the zone corresponding to an optical opening is proportional to the control 
voltage impressed to the corresponding circumference multilayer piezoelectric element of the side else. Therefore, when the 
control voltage proportional to the difference signal from the circumference photo-diode 24 (see drawing 5 ) with which a 
radiation receptor corresponds is impressed to the circumference piezoelectric element 21 (see drawing 3 and 4), the local end 
inclination (circumference) of a wave front where the incident light beam was distorted is generated. In addition to the indicated 
phase correction in the proposed adaptive optics module, the common inclination of a wave front can be amended by use of the 
dynamic alignment head 1 (see drawing 1 ). It is realized as, follows. A difference electronic signal is impressed to the converter 30 
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from a synchronous detector and the subtracter circuit 26 (refer to drawing 6 ), and this generates a control signal with the two 
piezoelectric drivers 14 and 17 (see drawing 2 ) of the dynamic alignment head 1 (see drawing 1 ). When the easiest, this 
piezoelectric drive control signal is generated by the unitization (correctly the difference signal) of all the circumference photo- 
diodes 24 of four another groups, and each of the arrangement corresponds to one of the four directions of the axes X and Y 
vertical to mutual [ which are shown in drawing 2 / two ]. The sum of each different signal of all of this group is formed, it brings 
about generating of four single signals, and the each corresponds to one of the four directions of the axes X and Y vertical to 
mutual [ two ]. (It is also possible to only choose four different signals of the four single circumference photo-diodes 24 instead 
of this sum signal.) The mutual difference of the signal corresponding to the direction which the one axes X and Y counter from it 
is formed. It is clear that each signal's which used the appearance and was formed it is proportional to the input light study beam 
wave front in alignment with a corresponding axis. All the above-mentioned operations are performed by this converter 30 (see 
drawing 6 ). and the signal which acted as a late-coming student is amplified with this amplifier 29, and is supplied to the drivers 
14 and 1 7 (see drawing 2 ) in which a dynamic alignment head (see drawing 1 ) corresponds. 

Corresponding connection of the piezoelectric drive machines 14 and 17 and the base materials 13 and 16 (see drawing 2 with 
the movable base 15 and the frame 18) are formed in the form of a hinge, It provides inclination of the movable frame 18 in 
alignment with the axes X and Y vertical to mutual [ two ], when displacement of the corresponding piezoelectric drivers 14 and 
1 7 occurs. The deformable bimorph mirror 2 is ftxed to the movable frame 1 8 of the dynamic alignment head 1 (refer to drawing 
1). When control voltage is impressed to these piezoelectric drivers 14 and 17 (refer to drawing 2 ) from the amplifier input 29 
(refer to drawing 6 ) by rotation of the deformable bimorph mirror 1 ( drawing 1 ), amendment of the common inclination of an input 
light study beam distorted wave side is made in accordance with two axes. The diagram of operation is shown in drawing 2 
instead of the above-mentioned special dynamic alignment head, and the standardized manufacture sample is used (an example 
is shown above). In addition, use of the piezoelectric-control driver in this dynamic alignment head is arbitrary again. Other 
drivers like throats, such as electric restriction and an electromagnetic drive, are theoretically usable to instead of [ those ]. 
When the dynamic phase distortion by which the time jitter was carried out occurs, operation of this adaptive optics module For 
example, amendment of wave-front local curvature, The local circumference inclination of that and the common inclination in 
each this corresponding channel are successive processes, and the purpose is similar to the above except for the difference that 
they are improvement in optical system quality (a picture improvement, a dynamic focus, etc.). 

It can check that the proposed adaptive optics module makes effective amendment of optical radiation phase distortion based on 
the above. All the combination of this characteristic of having the simultaneous increase in a substantial range expansion and its 
received power level by the design indicated about the consideration made as mentioned above, The increase in optical radiation 
phase-distortion correction accuracy is brought about by enabling the simplification of this adaptive optics system, i.e., this 
combination of all the features, to obtain this technical result. 

It is appropriate to make a certain cautions about the adjustment and the optimization of equipment which were proposed. 
In the first place, as while was repeated as for the account of the upper, the linearity between the radiation acceptance signals in 
a side and the control action in the side of the deformable bimorph mirror 2 and the dynamic alignment head 1 else are attained 
by experiential selection of the gain coefficient of the amplifiers 25 and 298 in the channel by which the electronic amplifier- 
converter 8 corresponds. System time convergence can be decreased by adding a non-diagonal element to the further increase 
and the procession C (formula 1) of the accuracy of the phase-distortion amendment to the second. This non-diagonal element 
of the procession C is determined in a tentative way by the adaptive optics configuration of module using a different reference 
source. 

Existence of one or more features which exist in the proposed adaptive optics module which was compared with the conventional 
technology which brings about the increase in optical radiation phase correction accuracy, and its known prototype is required 
again. The deformable bimorph mirror which has a control electrode which starts with both above by conventional technology and 
its prototype, and takes the form of a cyclic division is used. Therefore, the sizes of that in different angular orientation differ. 
Therefore, when control voltage is impressed to the local curvature of such this mirror, reflectors (namely, inside of restriction of 
an electrode) differ to a different direction. It is a formula (3). 

** et al. — especially, it is clear and a reflector local curvature . radius is proportional to square [ of the electrode radius ro ] 
here. :A.V.Ikamov the clear result which receives a control electrode if calculation is more exact is indicated to be in the following 
papers, I.M.Rostchupkin, A.G.Safronov, Kvantovaya elektrbnika. 1 994, v.21, N 7, pp.665-669 

The section of the electrode response function with which one of the results in this paper was compartmented is an ellipse, it 
means the local curvature from which a bimorph mirror reflector (inside of restriction of an electrode) differs towards differing if 
it says strictly, and it is equivalent to the local curvature which differs in the radiation wave side reflected in the direction from 
which it differs shortly from this mirror and which can be amended. A local curvature radius differs in the local curvature of the 
wave front measured by the radiation receptor within restriction of a single subopening on the other hand from other directions 
substantially [ a certain / not the selected angular orientation but here ]. One of the Reasons shown as an example is the 
incidence phase-distortion characteristic in an input light study beam. In addition, the wave-front local curvature in the input 
light study beam within restriction of the single opening of this radiation receptor differs in the two spatial directions, 
respectively, and this subopening has a substantially different geometric-like size here (by conventional technology, to the 
division secondary opening of this radiation receptor, this direction corresponds radially and). It corresponds in the direction 
vertical to it. 

It is out of balance between the local curvature in which the amendment within restriction of the control electrode in which the 
deformable bimorph mirror caused by the low order of the space symmetry of the wave-front local curvature measured in the 
known analogous art and conventional technology by the actual condition within restriction of the single secondary opening of a 
radiation receptor and a mirror control electrode corresponds is possible. This imbalance produces the increase in a phase- 
distortion amendment residuum in reduction of the known analogous art. conventional technology, and correction accuracy. 
It separates from the analogous art and conventional technology which were known for the proposed adaptive optics module, and 
the composition of a single multilayer piezoelectric element is a circle or a hexagon. The equivalence (or almost equal thing) of 
the size of this piezoelectric element is brought about in angular orientation which is different as compared with control 
electrode compartmentation composition in any case of the analogous art and conventional technology which were known by that 
cause. By the proposed module, a single piezo-electricity response function is the same (or almost the same) to the angular 
orientation where the radii of the front surface mirror local curvature within restriction of the piezoelectric element which has 
bigger symmetry, namely, corresponds differ. The perfect (or it is almost perfect) correspondence between the local curvature 
calculated as a result and the amended local curvature is acquired. Therefore, the increase in the optical radiation phase- 
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distortion correction accuracy increased within the adaptive optics module proposed by that cause is acquired. 
In this case, as for the feature to which proposed invention corresponds, the multilayer piezoelectric element of the haif- 
passivity bimorph structure of this deformabte bimorph mirror has a hexagon or circular composition, A hexagon mosaic system is 
constituted, and this radiation receptor is made so that the form of the arrangement of the hexagon of a photo-diode where 
circular or it has an optical opening of a hexagon may be taken. The Reason shown as mentioned above is completely right about 
being known from the adaptive optics system of the level of the conventional technology of amendment of the air phase 
distortion in the telescope which consists of a bimorph mirror which has a hexagon system of the control electrode (refer to 
page) of 19 or 37 in this case, and in which half-passive deformation is possible, It is desirable. It makes it possible whether 
broadening of the range was thus guaranteed to the second of optical radiation phase-distortion correction accuracy at a result 
only with substantially technical combination of all the characteristics according to claim 1, i.e., the first, and to acquire the 
becoming increase. 

Use of the additional arrangement of the lens 31 in the proposed accommodative optical module is shown in drawing 7 . and a 
design and arrangement of the single secondary opening 32 are shown in drawing 8 . In this case, although operation of an 
adaptive optics module corresponds to what was shown [ above-mentioned ], and the two maximum, it is similar to the difference 
of the picture outside a focus of both with a reverse mark, and a bend of the abnormal-conditions mirror 4 (see drawing 7 ) is 
formed on the arrangement of the lens 31 rather than is direct on the radiation receptor 5. Each subopening 32 (see drawing 8 ) 
of this arrangement turns optical radiation to the photo-diode 24 (see drawing 5 ) with which a radiation receptor (see drawing 7 ) 
corresponds (this radiation is focused). The operation of the proposed this module which contains the precision of all above in 
respect of [ all the ] others is equivalent to the description shown [ above-mentioned ]. About the above-mentioned 
consideration, this feature combines the described this design, and it is alike, and namely, The increase in the adaptive optics 
module sensitivity which this module is provided by the hexagonal array of the lens which has an optical circular opening arranged 
in front of a radiation receptor, namely, can obtain the above-mentioned technical result, and simplification of the further (it is 
additional to Claim 1) adaptive optics system are provided. 

The photo-diode 24 (see drawing 5 ) with which the radiation receptor 5 (see drawing 7 ) corresponds 

It is arranged at the focus of the subopening 32 (see drawing 8 ) to which the hexagonal array (see the position 31 of drawing 7 ) 
of a ** lens corresponds. That case is exactly shown in drawing 7 . In addition, it makes it possible to use the single photo-diode 
which has an avalanche type dot secondary opening (susceptibility pad) in this case. 

Use of the group of the fiber optical cable 34 is shown to drawing 9 by the proposed adaptive optics module. In this case, this 
module is provided with the optical element 33, and is combined with the hexagonal array of a lens at one side. The focus of 
length of focus power and this optical element 33 of all the subopenings of a lens hexagonal array corresponds with the back of 
that shown in drawing 9 . It is combined with lens hexagonal array single openings through this optical element 33 by one side (to 
the focus [ If it says correctly ]), It acts to the present subopening of a lens array as Irikita of each fiber optical cable 34 
combined with the photo-diode with which this radiation receptor 5 corresponds by the side else, and transmission of the optical 
radiation to a corresponding receptor photo-diode is provided. The operation of the proposed this module which contains all the 
above-mentioned precision in respect of [ all the ] others is equivalent to the description shown [ above-mentioned ]. 
Arrival or extraction of each fiber optical cable 34 (or it is from it) optical radiation is carried out by the tilted light study element 
(gradans) which is not illustrated. In addition, the single photo-diode of this radiation receptor 5 is arranged not in the form of the 
above-mentioned hexagonal array but in random order. 

Use of the case 9 which has input [ of this module ] 10 and output 1 1 optical window is shown in drawing 1 . In this case, input 
light study radiation (beam) passes this input optical window 10 in the common case 9 of this adaptive optics module. Within this 
case, all the optical elements containing the radiation receptor 5 are arranged. An output (amended) optical beam is extracted 
from the output optical window 1 1 outside. This window is arranged in [ both ] the way of the beam which passes this element 
(not shown in drawing 1 ) in the way of the beam reflected from the beam split elements 3 (shown in drawing 1 ). In the case of the 
last, arrangement of the abnormal-conditions mirror 4 changes again. Operation of the proposed this module which contains all 
the above-mentioned precision at other points of all the is equivalent to the description shown [ above-mentioned ]. 
In this case, an input optical window is made by the form of an object lens, that input light opening corresponds to the size of the 
transverse direction of the beam which carries out ingress to this module, and a condition is attached to the outputted ray 
opening of that by the controllable optical opening of a deformable mirror about the angle of gradient of this mirror about the 
beam which enters there. This difference in the proposed adaptive optics module provides a substantial expansion of the 
functional potential performance of that. The module actually proposed in such a case is saved with the group of a different 
accessories head, and the each provides the conditions of this module of having an external optical system. A similar optical 
head is used instead of this output optical window 1 1 again, and it is not illustrated. It is made from the form of the product which 
can cool the input light study radiation level power which increases the deformable bimorph mirror 2 (see drawing 1 ) in the 
proposed adaptive optics module. This kind of this invention is not shown in a figure. In such a case, operation of the proposed 
module in which grade contains all the above-mentioned precision is equivalent to description shown [ above-mentioned ]. the 
indicated this design increases with the combination of this feature about the consideration which was drawn as for the account 
of the upper — namely, — this — a deformable bimorph mirror is made from the form of half-passivity bimorph structure, and 
the product which can be cooled, i.e., the power level by which the input light study radiation which can obtain the above- 
mentioned technical result has been received, is provided simultaneously. 

And the application adaptive optics module in industry can be realized by use of the known material and production operation. 
[ standard ] [ industry ] The main part of the proposed adaptive optics module is a standard or an experimental industrial 
product, or these parts are indicated to other the same inventor's patents. For example, it compares with the system of the 
present age of amendment of optical (laser) radiation wave side distortion like the one industrial adaptive optics system of Diehl 
GmbH&Co., of a German country used in a laser industrial complex. :1. which has an advantage of the following [ module / which 
was proposed / adaptive optics ] (the difference of the number of channels is disregarded) — the simplicity of the design and 
this are provided by the minimum group of the very easy optics for a degree, and electronic parts. 

2. It is realization of all the optical systems within the common case which takes the form of the automated optoelectronics 
device. Such a feature makes it possible to use this equipment as accessories (module) with laser system, in order to improve 
the feature. For example, a stock with this module is possible for laser for industrial use, a state arrangement of an optical 
opening is made by a corresponding collimator, and this is provided instead of a head being an input window as accessories. This 
equipment is similarly used with other laser system. 

3. It does not interfere in a circuit and laser, or an optical system, but phase distortion is amended here. This strong point is 
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dramatically important. For example, it is because it develops within a product like the product of the laser which has an 
adaptation resonator and complexity exists by putting in. In the case of the latter, a laser circuit and the problem of optimization 
of a design must be determined. Nevertheless, the development and manufacture of absolutely new laser, as for, the following 
results have all are a problem. When the proposed adaptive optics module is used, all these problems are not produced any 
longer. There is a similar situation in other classes of laser or an optical system. 

4. Flexibility of this adaptive optics module to the optical system of a different class containing laser system. As specific 
equipment, this adaptive optics module is combined with a different system to the design objective, and is used. The same 
module operates with laser for industrial use with an interferometer and a laser radiation detection system. The group of an 
accessories head used in order to attach a condition to an optical opening can extend the potentia of a specific module 
substantially. 

5. This adaptive optics module about different laser or optical system of spectral range, and flexibility of design. When laser or 
optical radiation wavelength changes, in addition, the modular circuit is eternal, and in such a case, the material (outer window 
and beam divider element);3 radiation receptor of a reflective coating;2 transmitted-light study system of :1 mirror element only 
changes. However, in addition, the design parameter of the above-mentioned parts is eternal. 

6. Enable any change of the circuit in an adaptive optics module, structure, and technology to increase the number of channels 
as much as possible to the accuracy of phase correction, and the further increase in efficiency nothing. 

7. Use and realization of an adaptive optics module can decrease the demand to the quality of optics and laser system. For 
example, with laser for industrial use and other laser system, **, such as endurance, design stability, active medium purity, etc. to 
an optical element irregular sequence, decrease similar, and it deals in them. Such environment influences substantially the cost 
of this system by which the price decreases unquestionably. In addition, the field of application of the laser which cannot find out 
being widely used with the low characteristic, and an optical system becomes broad. It is because this characteristic improves by 
laser adaptation module use. 

This invention may be used with any optical systems to the implementation of optical beam phase-distortion dynamic amendment 
which has high degree of accuracy like the air telescope for the purposes which improves for example, remote light source 
imaging quality (it is (for example, like amendment of an earth destabilizing effect)). 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Drawing 2] * - 



http://www4jpdl.inpit.go jp/cgi-bin/fr^ 4/4/201 1 



JP,10-503300,A [DRAWINGS] 



Page 3 of 10 



x 




<J>m\2. 

[Drawing 3] 
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[Drawing 4] 
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[Drawing 7] 
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[Drawing 8] 
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B»«*)|&-&tf<D*-&*>*ilttt3ft. !P*?liI^S(±^/lE«S^c7)A^»^Hf 

m^>v Yomx-iEbti. m =t m m & - se a « « ^ -y f $ » 7 s w ^ •/ k sb » m w 



(13) ^¥1 0-5 03 300 

ifc *f g S Is 7 * V ? 4 * - Y%mu<r>m&£.X.h ± tih . ig « 

. ^*T->r^!lt^;co«ffl-rsc:tc7)^ ( bp *> . * j»*-*«**lt8»»oiifci 
■ 3ii6R»3KBBn**r-r&U'^X<oAft»OS?(l*K*t^iift ) *» a J6 3K * * 

yA-/i^«a«»jo*»4fcAo*^r<9r. ^sBw^aasix* ( a je # 5 s S' * -f 

y ^ ^ £ h t £ (f *> . & w g w n 7 * h y j * - v <o * ti^tntmnm 
a iz it m -f h v v x co a ft m be n t e s $ tit> ■. m * y * - >v \t — *a <o 7 r -f a 

y )V X' § ix . *<0*<i-pjHtiM-ffllTi'>'X<O5 , Nft»EM<0* — <0BH 
P fc: IS £ 3 *u ioilTn h ^ 4 F t *T J6 * 2S St S « IS tc IS £ $ ix & . 

W WT - R f & . f£ * ^* a - yKi £ 31 <0 ffi flc HZ f£ ft h tl , ££T£T*>3t!|SB* 

t' - A <o & <0 X "T ft =3: >M t^7««SJtES$ii, ffi ^3 

*i«iTMJii6. AA*?«tt*fc»*l/^X«»T»*8*i ( * <0 A W 
*Bn«R J E>'*A-/HcA*rftb*-AO**i*|iO-tftfe:««;L. * tf> itt M 3fc BH 



(14) mk¥ 10-503300 

* - V lz M fo-t & fa M % ® 2s lz i% Wi Z ft . -e^Hi^ti^mSK^^tt^^Ttls]^ 
«*«Ji*ixf f niB-<Ofll««S:^LT^'f^S y 7 6 ?i| a .y F B » ft (c . St/ 

M fc S SE $ ft * . 

-P^^JiiP«B«trKS»^tlfi!5r/<'f ; e/P7«l±»aiBri«5rR«0»'Cf^i5>ft 

ft t * a * a « a v * a « a tif jc » v» t k » a o * ffl « 3F »r « t ft 

fo & Z k ) £ * S tS & m tfi ft 6 . ffi te $r ft » A 4 * 7 « Jt fc: S •?•< K 
^^;l-7^^^Sg^T"Rltffi^a^X^A^3l^^4^t(i^-5rtgT-ft&^(i>T' 

ft s . ttc±ew»ott£-fr ( ^ ^ «r & 4 ^ >v y m w n us (c * g » a -< ^ /i- 

ai<i^^S*«^#g^ll)IS^J2:*tf^JC3t^^>''i-;U<7)et^S:^'t. 
fc: ^ . 

i4i:ff^SS^'A^i(?)lSc J^L, * tf> ft a* 1 9'Tftt*^<0^fllff«K 

iE?'Jrfti»^^coKSts«s^^-r. 
aTfcinjBatBHosr^r^suxxojsw^ffl^^ftifcs^ajE***^*- 



(15) 10-503300 
H8tWyX*''Ri(0lfi£^t L. -5- CO £ il <T> a 1 9 tc3?L^fc 

d 1 T a J5 3fc ¥ * X 5 * - >H4 * il £ K W 6/l-&K»*Tflg>W * 7 « 2 £ 
ftSEW^-yHlfc. t'-A^#J|SS3t, 56 a «t 4 t . R S=f g § Ss 5 i: , 
S6t. 3fcSH«fS*ia*»7fc, *^W«»«»-S:»H8fcfr6$:i. £ ft. in 

iTBit»ai6**iya-^iia««tAAi o m 7j i 1 * * s & * & « 

* 9 *» 4> 6 . i2 ti^-f t 5 7 71?K7 Kliig^-X 1 2 t , 2 -3 CD £ 
ft ft 1 3 i 1 6i, 2oc7)Efl;|gilj(*14t 1 7 fc . "T171/-A1 8 k rt> =5: 

ot. zm&mmm 2 i t . 2 2 

*» ^ * 4 . H6Ta«»«5*i»-smiiir!)ryr2 5i: > no as & m ?§ & t/ 

* » El » 2 6 t , ©J t» ?'J Sit 3T S 2 7 i: , f y ^ t D /S»4S 2 8 . ffl . 
*««»29k, ^1S3 0 t*^^!,. M M * ^ ^ - /l- (4 12 7 T 31 ffi 6<J 
fcU^X3 1<oSJiJ*»fe*0, KUVX<iEI8'CPJ»#i1!P3 2*WL. I9T' 
3E^I«3 3 t , -i<07r^A-ff y-/;l-3 4 St S IK ffi » U 

ep7 t 9ic«t oa7tissiii. sc w «5e^iu 4 w w a « « ca »« « t i oa 

1, 7, 9K*Snj. 2o«ffl5tcaiI^ffiMtt{ill2(c|e^X, Yt*$ft 

h . 

A7J3t^felt ( b'-A ) {4 (01T') K5t»«rtt4A-( t;i,7«2 tA*L. 
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* n 14 S y 4 i- S * 7 S Jfl ^ "■> H lrtCKOf+Wfeifi. K tc S t - A # f] £§ 5 * 

3 ^ A * L . * £ * K * 3 * * * -T y * (I*K*ii 
4) » a* $ n . ±t'-AJi^^ A -;P{ii^^A*-tl». f£^IES!4#>f,E:it 

£8IS§8'\Ep;!in£ftS. MtStlii3E«^IE^AVt M 1 ft K R ft 
4^3t^fi<)m«(4^ST'*'5. ■ {& 7£ i£ ft ^ ( H * « -f ) Sr^tf^T^tyi 

-*t7h^;*;n*d, 2, 3, 4. s ) itmmMxammttmo^-f 

*^B*^A»-f&*^f-A<0«Kttfl!*oJ: 9 t * $ ft . 
S»5_tK:#jS3ft.i ( H 1 Sr # JR ) . £ ft <o M jHftW & <i ¥ ffl & i£ W £ * -f 

y >i * - y 2 a & t> <r)m%m^ (ishd uttss-seiftssoAflfciqijii 
;:T#fifiii-(:87''jryr2 5T*i?<i ( H 6 * # si ) . * ft 
*^[5i»^aiSftu !: «iciMiss2 6 t:: ep jn £ ft & . k r y r v 7 2 5 ft if m. m % 0 

m 6 X'iZ*tlW*t&-t & 3-- -y h Pimm? 4 yftT5.cr>%£*i- r Nj (;: J; 9 $ ft 

4 . 2o<of8-*(iKRJ««aj»2 6^)*f-^y*/UrtT«tBSix ( II 6 £ # ffi ) 

, * <?) zti-t'tiizit^mwco 2o<oei,sgeo&« ssist , ap *> 20^ . 
#*jSH«#;R»«»»5±ic»jR3fts4:*tcK*jifg3E«5 (01 £ # hi > 

(16 Srf I) (C Efl JD £ ft 6 . l^iII°liS2 6 (|6^#I) <0#f ty^/K7) 
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h 19 e *j $ ft n t » jk $ ti a m a to m m u n - x- & & a k >r <o « £ t « & r $ m 

JiJ Si & ISM S EI B 2 6 O £ T CO y ^ JiJ T' <?D IE ^ ft ^- (4 -tf o ic; ^ L v\ 
. »»i:LT*»Wtt«»-S!i*«A:*J (06*#JH)atf4M-f-$.y7lE?!l'\ 

. »ffi2***A*3K^t* — Afc:#tt-r4i;*fc:5ew«R»iBo2-3<o*ta<oti 

a *c *t £ a 

LX Umm&liiftRV^ Z W-\2}$& 2 6 ( 0 6 £ # ) <n& + * > com j) m 

fS, ft # (4 -tf a fil T & S . Jfc St S ® 5 (Hlfc#!R>*>rt«7*h*'>f3i--F 
24 ( 0 5 £ # ) ^^^S^'W«^^iX^tLO-f--v>'^;U<7)A^)T*<55S<rjE-r-S. 
Hfi#«4 3t^Wt'-AjftB«0««?fl^ (ft**Sfcaifc«t-*) . EP *> ft *f 5 S 

S5o»-«7-f h/'(^-H24«f- comma ( m—7 * h^u-F24 

«8«^7H) OWRSrt<0*iBia*fcj!t«i-6. % It « £ 5§ 5 ( 0 1 £ # 5$ ) <0 
mmy * h y 4 * - V 2 4 (155:#|) (cttLT|S]ffl®a!i§5.l>'J!#E3S&26 
(06 £ # > «0-e^«=5r^ix J E'ix<Of-+>'*;l^wA^TW^ie-rsSfi-f-{4A 
^iTfe^ t- J*mWcr>m&M®lZitM-f& (F.Roddier. "Curvature sensing and 
compensation, a new concept in adaptive optics. "-Appl.Opt., 1988, v. 27 
. 7, P .1223-1225#B3 ) . £;h.6<on:fr<0*frli*»**«&tf*ft*S>A*-*- 
4K*¥ttb*-Atf>* Br. W ^££&ftttW-f&.rfct::«fc l 5)iJ£3*t.S>. m^Wft 
■^{4|a]«H^tbtsSJ/ii»Siaj^ ( 0 6 £ # ) *><?>SS«J.--yh2 7tcEPSllS 
ft. ;ii(i^lOSIIHftff«SfftcJ: OSf ^t^vW 2 (01 ) coffl 

V = C x U ( 1 ) 

zzx'mmmta^&x/mm-^mti ( 0 6 s- # ssn 2 6wtB^ft^wu'<^h^ N 

EP *> ? h^UO#B*U i {4 (1 # -v V * JV <r> di « EE (= 15 L ; ^ 7 h/UU 

<7)^i!:J4N(c^L<. ip*>ifctt£;gS5 ( 0 1 & # ) com-^rapwfi ( m - 



(18) nmW- 10-503300 

«7th/>f^-h'24, m 5 Sr # m. ) £ « I, V* : C mWff W ¥ 4 X > iS a > to 
Z <T> m it ii N x N T ft 9 :«tfB*4«-6-(cmTWC«*tfttfJiJTftO. * CO 

CO # S * V i li JE nj ft £ J W * 7 

&2 cvfflw** > * >v co s c^L v> ( i 0 ii u n ) . 

ifx^*/?to/28 (i6#H) &tfKaj*l||fi»2 9«**»:x:=..y 
r-27£>aiAff^£IM««Efc:8E8ll,. filUSftl 9 (03. 4 £• # ) 

s at « 2 otcj: K>m^^tih^^m^-t^)i-y^mt. ^nrnxunmrnm^^ 

IfflSf 2 1 «0 7\ ft ^ if -f ;yXf AtA'f.^iiSi-Iffii^WtV^i 
2 ( 0 1 £ # M ) lz Ep Jo $ ft 6 (H4tAft»<0*A<0^«E«»**<*$#i6 
) . ta«M»ltEli««3*?^2 3fcft«7'f + 2 2 ( 0 3 * # BB ) £ tf- L 
T£JIE*B*KEPflD3ii4. rt * » tt J: •3«S(i#^a J Et«S*c73# 1 E«ll 
( X <i m Si) K: Ep fln $ ti , *;hJi±£<0S«WI6*&»*fc*>fc:JK«Wfc:S« 

*ft{i*tJE^&e»¥5»A>f:Eyw:7»»&tf*«oi6*» ^ ^ *s m >5r 4 
t/vy mKmwn&& ( ft tf ) s- 51 £ & £ V . 

«fctt***£TM: (R^««cODt-cofiJ@P«SgX{iiit-tfO#eBE«S^co# 
£ T -e CO + -D A* M CO rf> <D t - -T 6 ) 3HJ « « S V # Ep fln $ ii 5 t & Ic ¥ g IS £ 

ti m m m <o m m & x- > = 

W(r)=-K(r/r 0 )2V, 0<r<ro(3) 
i it r o ffj Ul m ® (?lElgf ) <0 ¥ S . K(itt«fij8«-?&6. K ft ft 

( 2 ) (4 JilTcO;£iiR (CfeSi $ ft £ .: P.Jagourel, P . - Y . Madec , M . Sec haud . "A 
daptive Optics: A bimorph mirror for wavefront correction. "-Proc.SPIE, 
1990. vol . 1237,p.394-405;the experimental veri f i cati on-i n the work A.G.Sa 
fronov. Kvantovaya elektronika, 1995, v. 22. N 11. pp. 1113. & ( 2 ) it E M -fe 
5$ •y^cotXf-'J^X5S*$-fr»tCAnTt5^-r. -e<0^ffffico^ffi¥Sffl^ 



(19) 



*i-i>B<feft%|g£^i-£fc«8j^T'£>D : 



1 0-5 0 3 300 



R cr = r o */ 2 K V (3) 
^ ix f£ #1 « « E v & Jt f?"l £ . Iff < LTRjg«liE«#lff|g|«gtfi 

if h h < £ 0) ft U ft * * « # Ji ft 8* 5 S 7 * h^-f*-H*»feft«5*ibn. 
*<0K*Atf'+i6ttA>r:E/P7«£«E*«*fc*fJE-*-4) . ft K # It £ ft ft 

-owtf'tffllf 5:Wt5AM tyl^7i(7)^f liA* (liJftft) * tT - A 
T'OiScSffl^ffllE^^TI.. «*Sftfcftfc3fc**s'**-;i'T'<0#;i.A>;h.fc*fc 

ft^ft&M'-f^n^ftOTi^&^ftEftftft (14 a w k 

ftltS^S <H5fr*HR) Elf*« Aft «*flfj£a.tf ft&f S^SsIfl 

7«KJtBf^fl|ft«KJE«K**»ra»Tft*i:*»»-&JC*fUT3i* (2) t 
* 4 * . *ftte^c^K#^£ffimgS<o£{aKJ: , 9 3l£i£i£*i.&. ft t ft ft 

nttftttftEftKftaftRnT-ttJ^£&ft8*ifcMffftEfcit0l't-& ( 01 1 fcf 
/\* 4 * ;U 7 ft tc *f U T * y l Jy7?ElItEHt?<i^®|fflltiA^^'), ^ 
flte & T £ ^^*ft 12 ft S ft & £ fc *'» £ II BJj § ft £, : A. V. Ikramov, I . M. Rost 
chupkin, A. G. Saf ronov , Kvantovaya elektronika, 1994. v. 21, N 7, pp . 665-669ft 

ill»«E* ! rt«E«B*2 1 (03. 4 S: ft BB ) (cEp*D$ni»i:^tcA^?t^ 
t* - A O ft * $ ft ft ft o ft « ft ft W ft iE tt ft ft ft 3 ft 4 . 
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J*mmft?B.^1£ teMt&nm&tfZ: tiff mZtiX ^ & . Zix 

ii&tz%.%i%:®&<vfi&<7)y* h ^-i ^ - K 2 4 (15^ $1) iz £ D 

COmn 2 4 (7*h^-f3r-H) (05Sr#Bg)ttR®Oflij|&£::fr-f* (|4, 
ft¥K , -AE»»iIjT'*>*IR*)«ffll8l* t-r^-Kil?*iS 

a* 9 ** jc a* » & ft . * n t* # « ts & « ^ * m ie ft « </> m in & * m & £ 4) 

•f . E1SI2 1 (14#|) t7* Hr^f^-H24 (l25#B3)<D7\:ft^ffi 

«v>£*ti, teOifctfffiMitffciifcWt-SJ:!?*** ( 9! « "C tt * ^ # ) Sit 
iBSe»«(iklStLv^fc#(=, (*(2)ft#!H)a«Sii*. 

ffiwnjzxmx 2 i izepmz ti & t % izRB-sim* 4 ju? coRmmm 2 o it 

(I3 5;#I) *HP(C»*6r£y->'rtT'**S*««"r« (A.V. Ikramov.S. 
V. Romanov , I . M. Rostchupki n . A . G . Saf ronov . A . 0 . Su 1 i mo v , Kvantovaya elektro 
nika, 1992, V. 19, N 2. pp. 180-183$: ) . Rft ft»I»*j|tt«RyW t ^ 7 

mRi? mm&mmmmm 2 i <H3. 4S#sd <oeika»l, 3E^«h'-A 

ft & : R.Arsenault, D.Salmon, J . Kerr ^ i & " PUEO" , The Canada-France-Ha 
waii Telescope Adaptive Optics Bonnette.l "System Description" -Proc . S 
PIE. 1994, vol .2201 p.832-842»t < L t 8t»S88»* 4 fflffl 7 * h :*M * - K 
24 <05£#BS) <03KI-g-Rltf>-*t-*fiBj&«#fcL. «Ift(i*05|c7>A*fftt'- 
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^mwnttis-t&y-yftcDmAstdmmmwizttML, it ma c *r m-t h v - v 
m iz ep jp $ ti fz m w m s. iz jt m -t & . ^t^s^s^sio^jci-i.^ja^* 

* - K 2 4 *^<^Hft^^itCT-ri.$iJ««E*^j22JEl;gS2 1 

ao) m £i « ?s £ -r & . z titzmifcjt^^ is - >i>ft nmmz tifzizwrniE 

izM z.X y A -t 5 <y ^ B 91 ^ ■/ H 1 (01 £ # HS ) nCffltitinAaiflflljll 
IE »T US f * 4 . *iiliJ2i.T*>J:3fcLTSS3J3fti. Hm^ft-^Jimffl^ffiSIS. 

6 (06*SR)*>&3Efll»3Ofc:epjDS;h.. CfUi^-f-J-S-y^Bf 
H^yFl. (Bl*#H8) «2o«0SlIft{(sl 4&lf 1 7 ( 0 2 & # Rg > fc <fc 

1 9 ?g £ £ ix. Z cr> * tl ? ti cr> & m Itm 2 lz Ok Z ti & 2-pcoffi5(cSlS=5rttX, 

2 S Itt * « X . Y<7)4O(0*|i]C0-O(:#JGtl,. (f^*gSlfI-^«Oft^ , 5^4. 

0 (0 # — JSJ j2 7 * t- ^ 4 ^ - H 2 4 (0 4O(7)S^SIf {ciJRtl- Z t 
mX'foh. ) f ii*^-'>w|lXX(iYWjit|iitl,^|S](;itJ5tl.f f 

izwrntfLZixh . * <nmt,zLxi&&zixtz&m^\tnmi- hmizfe-itzxiift^ 

t' - a ft ffl t: Jt 

1 | 5*ssn-f-«a»^snjt«#iiRii«»2 9 r ii n $ fi , ^ -f + $ y ? g 

W Y ( H 1 £ # SH ) 0>**JE-r*«S»f*14i:17 ( B 2 £ # gg ) « j£ S ft 
& . 

WlSf*E«K»»14. 17cO}£3S&tfSft#13. 1 6 5 
t7U-A 1 8t*CI2J#I) Jity^<0»T»JSSn. -£ix{i*fJE^-£J± 
111*14, 1 703?<S*5|64tS tlC2o»ffiI»ciI^«iX, YCfi-, 
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k i ( m i # m ) <r> "T » 7 u - a i 8 tc ii $ ti h . m ffl) m s. w ^ *r 

|A-<t*7li (Bll)WEI«K:J:0i««»A*29 (I6#I) *>^iEl 
K Ift ft 1 4 . 17 (H2#Ha)t:WJaS<i&i:*fc:A*3e^h*-AS**iii<0* 
a<0«»<?5l«iE«2o<omfc:«oT!5:$/t&. ±8E<0«f»*^-f^$ v 9 m W ^ 

( W <± Iff 15 7jk £ ft § ) . Z tl HZ x. X m V A -f- $ y ? S 5"! ^ -y 
ffllitfB*iaSE»Sn3t^-f-*-S «y 9 ft ffi S * *< % ± t fc k * . K a IB 36 * * 

K i: 8 <R T * h . 

Z tZ^ttlz^ZZ tiz &ttM*18JEm SIMM Wi> Kb* tit, . 

IS^-'W ■t/1'712 t^"-f tS -y 7 S flj ^ -y F lCOffiOffllTOttWiJfftilt^W 
«Hi»-XJft»8*3tt«;-$-.&f-^y*rt,-e«>i||«»2 5 t 2 9 80iNftffi9tat£ 



(23) tt&p 10-503300 

<7>-?-ft<7)^-i£fif|&&„ *fcffl»WE#*»«&K*«)««l8l*fcl?jtaSiiSi: 
&(cR*f® (fiP*>W0 3HJISl*J) i*JI&*:ft-|t!ifc:ttLTJl&&. f iiliil: ( 3 ) 

*»fc»jcgi6*»Tao, iitssti^sfftf^smi^gr o <o ^ # tc jt #j 

ti. <* 9H-»* f iEW«r6«l»l«afc:»^*Wfi«rlS** I JaT^lfcS:»=IB«S#i 
& : A.V.I kamov, I . M. Rostchupkin, A . G . Saf ronov , Kvantovaya elektronika, 1 
994, v. 21 . N 7. pp. 665-669 ) 

(ilf tcfitf S^rl, JifiifAW t;l^7iRltI ( « 11 «9 $] GB [*] ) <r>m?t: hW, 

WBJBHPCWLTaS-lSUl^g^-mtcWISU. *ft.K£e$r3rip]fc:*tJ6-*-&) . 

-flff«i*O«*l4HX(lA«»T*0, * ft fc: J: '?*0£ft*:SIR&ffi&l/ 
«6*a«^if<0**fc:tlWW««EHfl:fl|«4:Jt«U-C««r6»**i*)-CKE« 



(24) #fl¥ 10-503300 

f n - ) f * h , mat LrnM-ztuzmamm turn* tnzmMto + knmn 

:£ & ( X <i li fc X. f £ =5: ) » 16 *« » 6 *i * . «->T*iHcJ:9Jt*S*ifca 
(i £ o *§ ^ jc 

l± 1 9X113 7«M»«i ( W # SR ) cO^flfy^fAj tf|,¥f BM^f «I 

a«3K¥i'*7 i Aj^4>Jffl4>;h.TV*$£i:fc:HLT££fcIEL<. iU^. »f < 
LTfif^JB 1 iE«8<O^TWWtt<oa^*«o*3&«^K«K:tS«W^re*. HP *> IS - 

S*Siifca«WiSr3K^ : Ei'*A-;H^<0U>'X3 1 C3 tiu « =5r 12 &l <D f ij ffl »i 0 
7(c^$iX, * tf> J* - W 6H P 3 2 *>RttatfKWW:08 C^StiJ . £ cr> i§ £ 

^tfjewW^WJfcjSCttHfROiSfcSffilT&O. P 31 4 (17^,1) 

& * <r> »J m □ 3 .2 (H85r#gs) tt%¥ftftgt£ftft£&8 (17HI) <o » 
fa-? Z> 7 * Y ? 4 * - Y 2 4 ( 0 5 £ # !8 ) |6j ft 4 (K»»t^)Klt4 ) . ftH 

$ n Jt te m k: *t js ■* «. . ±iBo#*fcnuTRi2as*iJtRw«t6i*a«offl-&* 



(25) 
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* <k £ « « -r s . 

» W « S » 5 (i7&#I) ^)itJ5t§7^/^-K24 (15J«) 
(ikyXtfO^^^ie^iJ (17flfiI3 1 £ # !& ) <0*rjE-r&SiJfflP3 2 
#H1> i£S£ftl>. T**tf>*-&#07fc:ii*$ft4. £ ft (= 3d * X £ O 

§^KIiMilf7A'5yyxl(7) H 7 MJfflP (SStt^'v H ) £ * ~t •£> * — <0 

S3?£ft^jlJC5ft^^Xi-/l/T'7T4A-3K^y-7^34c9 

ft ft . ^mx-u > X(o^nmm9Hz^^^ti?> . -stik^v -Rxsmyt^mm 3 

t-at6. -*OflBT'K3e*«*33*aLTU>'X^ft»E?«JJl-BllPt ( 
iOiEBitcai.tf'C-oJSfcjjScfc:) ts $ ft < mnm'C&1kX*& & 5 ott R-t i y 

* h^'-f * - K £ *6 £ $ ft 6 # 7 r >f A' - ft ^ ?- - 7* >U 3 4 (i w y X E ?ij co a 

w gij w □ (3 a * u , nm-t h §«g7 * h^-fJi--h*^<o3e^tt»<oeiiita« 
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